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THE  PREPARATION  OF  CAESIUM  A17D  ITS  COMPOUNDS  FROM  POLLUCITE 


I.  Oo.jeot. 

The  object  of  this  investigation  was  twofold:  first,  to 
study  methods  of  preparing  caesium  salts,  especially  the  chloride 
and  nitrate,  from  pollucite;  second,  to  prepare  pure  caesium  with 
a  metallic  surface,  in  a  form  suitable  for  preservation  in  a 
museum  case. 

II.  Historical, 
Pollucite,  or  pollux,  is  a  hydrated  caesium-aluminium 
silicate,  having  the  theoretical  formula  9Si02« 2Al2O3.2Cs2O.H2O. 
It  was  known,  and  analyzed  by  Plattner,  fourteen  years  oefore 
the  element  caesium  was  discovered,  its  caesium  being  mistaken 
for  potassium.  As  this -mineral  was  very  rare,  being  confined, 
so  far  as  was  known,  to  a  few  grams  from  the  Island  of  Elba, 
caesium  salts  continued  to  be  obtained  from  other  sources,  even 
after  Pisani  had  pointed  out  Plattner 's  error.  In  1890,  however, 
the  mineral  was  discovered  by  Merrill  near  Hebron,  Maine  (1): 
subsequently  it  was  found  in  another  Maine  district  (2) .  The 
state  has  since  furnished  considerable  amounts  of  caesium  from 
this  source. 

III.  Material  and  its  Preparation. 
The  pollucite  used  in  this  work  was  from  Brookf ield, 
Maine.  It  consisted  of  clear  glassy  pieces  of  pollucite,  asso- 
ciated with  considerable  less  pure  material,  and  gangue.  Some 
of  the  minerals  contained  iron,  to  judge  by  the  color.  The  only 
one  identified  v/as  a  colorless  mica  (probably  lepidolite,  as 
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the  material  contained  lithium.)  The  wnole  shipment  of  aoout 
15  kgm.  was  crashed  in  a  small   jaw  crusher  and  ground  in  a  steel 
disk  mill  until  the  whole  passed  a  100. mesh  sieve.  In  this 
process  considerable  iron  from  the  mill  was  introduced,  as  was 
evident  by  the  hydrogen  evolution  when  the  material  was  treated 
with  hydrochloric  acid. 

IV.  Decomposition  of  the  Mineral. 

The  mineral  was  decomposed  with  hydrochloric  acid.  At 
first  an  attempt  was  made  to  use  commercial  acid  for  this  purpose. 
But  it  was  found  that  the  sulphate  content  of  the  commercial 
acid  led  to  the  formation  of  the  insoluble  caesium  alum,  which 
was  not  desired  and  which  caused  annoyance  by  crystallizing'  out 
slowly  when  the  solution  was  allowed  to  stand.  The  chemically 
pure  acid  was  therefore  used. 

At  first,  also,  the  extract  was  re- evaporated,  as  is 
recommended  in  silicate  determinations.  The  residue  on  the  second 
evaporation  was  so  small,  however,  that  this  seemed  unnecessary, 
and  was  afterward  omitted. 

The  procedure  finally  adopted  was  as  follows.  500  grams 

of  the  finely  ground  pollucite  were  placed  in  a  twenty-inch 
porcelain  evaporating  dish.  A  liter  of  water  was  added  ana  the 
pollucite  well  stirred  in.  Then  a  liter  of  c.p.  concentrated  HC1 
was  added  slowly  with  stirring,  and  finally  a.  little  more  water. 
The  dish  was  then  covered  and  left  on  a  water-bath  for  twenty- 
four  hours,  or  longer,  if  convenient.  Finally  it  was  placed  on 
a  hot-plate  and  the  HC1  driven  off  just  at  or  below  boiling, 
with  occasional  stirring.  When  the  mass  became  a  thick  paste, 
it  was  stirred  and  broken  up  as  it  solidified:  and  gentle 
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heating  was  continued  until  the  whole  was  perfectly  dry.  The 
dish  was  then  allowed  to  cool,  200  c.c.  concentrated  HC1  poured 
on  the  residue  and  the  mass  worked  up  to  a  paste  and  left  to 
stand  for  twenty  minutes.  Then  a  liter  of  water  was  added  and 
the  mixture  brought  to  bQiling  and  filtered  on  a  large  Buechner 
funnel.  The  silica  was  washed  several  times  with  hot  water  by 
decantation  and  washing  completed  on  the  filter. 

When  the  material  is  treated  in  this  way  the  silica 
comes  down  for  the  most  part  as  a  fine  white  sand,  which  filters 
without  any  difficulty.  If  not  enough  hydrochloric  acid  is  used 
in  extraction,  the  iron  will  form  basic  salts  which  clog  the 
filter  badly;  but  they  can  be  readily  dissolved  with  a  little 
more  acid.  To  determine  whether  this  rather  drastic  treatment 
was  sufficient  for  complete  decomposition,  the  silica  from  one 
350  gram  lot  was  re -treated  in  the  same  way  as  the  pollucite, 
and  the  extraot  evaporated  to  dryness.  The  residue  was  quite 
insignificant,  and  was  mostly  redissolved  silica.  It  is  quite 
likely  that  a  much  less  violent  treatment  would  have  been  suf- 
ficient, since  Wells  (1)  found  that  the  mineral  is  not  at  all  as 
hard  to  decompose  as  Chabrie/  (3)  and  Rammelsberg  (4)  supposed. 
No  experiments  were  made  in  this  direction.  It  should  be  remem- 
bered, however,  that  this  decomposition  was  for  a  large  quantity 
without  much  agitation. 

V.  First  Method  of  Procedure. 
Of  the  many  methods  of  separating  caesium  indicated  in 
Abegg  (5),  Roscoe  and  Schorlemmer. ( 6) ,  and  Browning  (7),  the 
one  that  seemed  the  most  promising  was. that  of  Wells  (8),  which 
combines  the  method  of  Godeffroy  (9)  with  the  use  of  lead  chloride 


and  chlorine,  forming  the  double  salt  Cs2PbCl6  discovered  Dy 
Wells  himself  (10).  At  first  thought  it  seemed  better  to  remove 
the  aluminium  and  iron  before  effecting  the  precipitation  of 
caesium  with  antimony  trichloride  after  G-odeffroy.  The  procedure 
was  accordingly  as  follows. 

The  extract  and  washings  were  heated  and  ammonia  added 
until  all  the  aluminium  and  iron  were  precipitated.  The  precip- 
itate was  filtered,  and  washed  to  some  extent,  on  a  Buechner 
filter.  It  was  then  dissolved  in  HC1,  precipitated  as  before 
and  finally  well  washed.  The  two  filtrates  were  united,  and 
evaporated  until  ammonium  chloride  began  to  crystallize.  Ammonia 
and  ammonium  carbonate  were  added  to  precipitate  the  fourth-group 
metals.  To  the  concentrated  filtrate  nitric  acid  was  added  and 
the  solution  heated  until  all  the  ammonium  chloride  was  decom- 
posed -  method  of  J.  Lawrence  Smith  (11).  Then  the  nitrates  were 
converted  into  chlorides  oy  repeated  evaporation  with  HC1. 

These  chlorides  were  treated  by  the  method  of  Wells  - 
briefly  as  follows.  To  the  concentrated  solution  was  added  two- 
thirds  its  volume  of  concentrated  HC1,  and  the  mixture  cooled. 
Then  a  concentrated  solution  of  SbClg  in  strong  HC1  was  added 
till  no  more  precipitate  formed.  This  precipitated  was  then  fil- 
tered off  and  washed  with  weak  HOI. (1:2)  giving  the  first  filtrate. 
The  precipitate  was  now  placed  in  a  dish  and  twice  the  calculated 
amount  of  boiling  dilute  ammonium  hydroxide  was  added,  the  mixture 
being  well  stirred.  The  precipitate  of  antimony  trioxide  was  then 
filtered  off,  to  be  dissolved  in  HC1  and  used  in  precipitating 
the  next  batch.  For  clearness,  the  equations  for  these  reactions 
are  given  here. 

3CsCl  4  2SbCl3  =  CsoSDoClg 


Cs3Sb2Cl9  4  6NH40H  =  3CsCl  4  So203  4  6NH4C1  4  3H20 
Sb2034  6HC1  =  2SbCl3  4  3H20 

To  the  first  filtrate,  heated  to  boiling,  lead  nitrate 
was  added  at  the  rate  of  three  grams  per  liter,  and  chlorine 
passed  in.  After  standing  for  a  day  the  precipitate  was  filtered 
off  and  washed  with  weak  HC1  containing  chlorine.  The  filtrate 
was  discarded:  the  precipitate  was  decomposed  with  a  hot  solution 
of  ammonium  carbonate  in  ammonia.  After  filtering  off  the  lead 
peroxide,  the  filtrate  was  united  with  the  second  filtrate  aoove. 

The  combined  filtrates  were  then  evaporated  until  the 
ammonium  chloride  began  to  crystallize,  heated  to  boiling,  sat- 
urated with  hydrogen  sulphide  until  cold,  and  allowed  to  stand, 
corked,  overnight. 

The  next  day  the  precipitate  of  antimony  trisulphide 
was  filtered  off,  and  strong  nitric  acid  added  to  the  filtrate, 
in  a  casserole,  until,  on  heating,  no  further  frothing  occurred. 
The  excess  nitric  acid  and  the  water  were  now  gently  driven  off, 
and  the  casserole  heated  until  the  caesium  nitrate  was  partly 
fused.  The  dish  was  then  cooled,  and  the  caesium  nitrate  twice 
recrystallized  from  water,  -  a  very  easy  operation,  since  caesium 
nitrate  is  many  times  more  soluble  in  hot  water  than  in  cold. 

The  operations  outlined  were  successfully  carried  through 
in  the  case  of  a  small  preliminary  sample  of  60  grams  of  poliucite. 
Among 'the  points  noted  were  the  following.  The  material  contained 
only  a  very  small  amount  of  alkaline-earth  metals,  as  was  evident 
from  the  ammonium  carbonate  precipitate.  As  noted  by  J.  Lawrence 
Smith,  the  conversion  of  the  chlorides  to  nitrates  is  very  easy; 
the  reverse  operation  is  very  slow  and  difficult.  Also,  instead 
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of  discarding  the  filtrate  from  the  lead  precipitation,  the  lead 
and  antimony  were  removed,  the  ammonium  chloride  removed  by- 
ignition,  and  to  the  concentrated  solution  of  the  residual  chlor- 
ides ammonium  carbonate  was  added.  There  resulted  a  precipitate 
of  lithium  carbonate,  of  the  order  of  a  decigram,  indicating  tne 
presence  of  a  few  hundredths  of  a  percent  of  lithium  in  the  mineral. 

This  confirmed  a  previous  attempt  to  determine  lithium  in  the 
mineral  by  the  G-ooch  method,  which  resulted  in  so  small  a  residue 
that  no  certain  value  could  be  obtained. 

In  treating  the  material  by  this  method  in  lots  of  350 
grams,  however,  serious  difficulties  were  encountered.  The  hy- 
droxide precipitate  was  enormously  bulky  and  hard  to  filter  and 
wash.  Even  after  the  second  precipitation  and  prolonged  washing 
the  precipitate,  on  solution  in  sulphuric  acid,  deposited  several 
grams  of  caesium  alum.  Moreover,  as  mentioned  before,  it  is  diffi- 
cult to  convert  the  mixed  alkali  nitrates  back  into  chlorides. 
Attempts  were  made  with  a  view, to  driving  off  the  ammonium  chloride 
by  ignition;  but  this  was  found  to  be  tedious,  difficult,  and 
likely  to  contaminate  the  material,  due  to  long  exposure  to  the 
air.  Reduced  pressure  also  was  tried,  without  success. 

VI.  Second  Method  of  Procedure. 
In  view  of  these  difficulties,  it  seemed  worth  while  to 
try  the  antimony  precipitation  in  the  original  extract.  Since 
fourth-group  elements  were  negligible,  no  contamination  by  them 
was  to  be  feared;  whereas  aluminium  and  iron  would  certainly  be 
removed  by  the  ammonia  used  in  decomposing  the  double  chloride. 
Accordingly  the  method  was  modified  as  follows.  The  original 
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extract  was  evaporated  until  the  ferric -caesium  chloride  which 
is  the  first  phase  to  separate  appeared.  (This  compound,  which 
consists  of  beautiful  ruby- red  crystals,  was  not  analysed,  out 
is  probably  2CsCl.FeCl3.H2O  described  by  Walden.(12J)  To  the 
concentrated  extract  two-thirds  its  volume  of  strong  HC1  was 
added,  and  the  antimony  chloride  added  as  before.  Suosequent 
operations  were  exactly  as  in  the  first  method. 

It  was  found  that  this  method  works  exactly  as  well  as 
the  first:   it  is,  of  course,  very  much  easier.  The  Cs3Sb2Gi9 
precipitate  is  colored  brownish,  as  is  also  the  antimony  tri- 
oxidej  but  no  trace  of  color  appears  in  the  caesium  nitrate 
obtained,  and  its  solution  in  water  is  perfectly  clear. 

VII.  Results  of  First  Two  Methods. 
In  all  one  60  gram  and  two  350  gram  lots  were  treated 
by  the  first  method,  and  three  350  gram  lots  by  the  second.  Of 
these,  four  lots  were  completed  in  a  manner  which  gave  an  idea 
of  the  yield. 

700g.,  Method  I,    gave  280g.  fused  CsN03  -  68.2%  theory. 

350g. ,  Method  II,  gave  128g.  fused  CsN03  -  62.3%  theory. 

350g.,  Method  II,  gave  135g.  fused  CsN03  -  65.8%  theory. 
It  might  seem  from  these  figures  that  the  first  method 
is  somewhat  more  efficient,  but  this  is  by  no  means  clearly 
established.  In  the  first  place,  no  attempt  had  been  made  to 
make  the  ground  ore  uniform;  hence  some  variation  was  to  be 
expected.  Moreover,  the  first  method  was  so  slow  that  the  second 
and  third  lots  were  finished  first.  Hence  the  greater  apparent 
efficiency  of  the  first  method  might  be  due  to  greater  experience 
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in  handling  the  material,  or  to  the  fact  that  the  antimony  -tri- 
chloride, after  use  the  first  time,  was  contaminated  with  caesium. 
At  any  rate,  the  results  show  the  falsity  of  ChaDrie/,s  statement, 
(3)   repeated  in  Grmelin-Kraut '  s  Handbuch,   that  American  pollucite 
contains  only  about  35%  of  the  theoretical  amount  of  caesium. 

The  products  of  uoth  methods  were  carefully  examined  with 
a  small  Schmidt  and  Haensch  direct-vision  spectroscope.  Nothing 
but  a  caesium-sodium  spectrum  could  be  seen,  though  potassium 
and  rubidium  were  carefully  looked  for.  The  absence  of  the  sodium 
line  could  hardly  be  expected,  since  ordinary  distilled  water 
and  glass  vessels  were  used.  It  seems  certain  that  only  very 
small  quantities  of  potassium  and  rubidium  could  have  been  pre- 
sent, as  in  the  same  spectroscope  the  small  amount  of  lithium 
was  plainly  evident  in  the  mixed  chlorides. 

VIII.  Third  Method  of  Procedure. 

It  had  been  intended  to  prepare  more  nitrate  by  the 
second  method,  and  then  convert  it  to  dichloroi odide  by  the 
method  of  Wells,  and  thence  to  chloride.  But  it  was  found  that 
in  this  laboratory  the  dichloroiodide  had  been  prepared  directly 
from  the  crude  extract.  Ijlo  mention  of  this  procedure  could  be 
found  in  the  literature. 

The  method  offers  many  advantages  ov/er  the  other  two. 
The  dichloroiodide  forms  the  best  means  of  separating  caesium 
from  the  other  alkalies.  Since  it  is  commonly  recrystallized 
several  times  anyway,  the  iron,  aluminium,  and  so  forth  are 
removed  at  the  same  time  as  the  other  alkalies,  thus  saving  the 
extra  separation.  Moreover,  the  final  product  is  the  chloride, 
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which  is  more  commonly  used  than  the  nitrate.  After  some  trials 
showing  that  the  process  was  feasible,  a  quantity  of  Lhe  material 
was  treated  in  this  way. 

The  procedure  was  as  follows.  The  extracts  from  tv/c 
500-gram  lots  were  combined  and  evaporated  to  a  volume  of  1500 
c.c.  (at  this  volume  some  of  the  red  iron  double  salt  has  crys- 
tallized  out.)  To  this  was  added  1100  c.c.  of  strong  HC1,  and 
the  mixture  heated  nearly  to  boiling  in  a  four-liter  flask.  Then 
285  grams  of  iodine,  (the  amount  determined  from  previous  know- 
ledge of  the  caesium  content  of  the  mineral)  was  quickly  added 
and  a  rubber  stopper  with  a  reflux  £ube  inserted  to  prevent  loss 
of  iodine.  Then  63  c.c.  of  concentrated  nitric  acid  were  added 
through  the  tuoe,  and  the  mixture  well  shaken.  A  vigorous  evolu- 
tion of  NOC1  occurs  at  the  surface  of  the  iodine,  which  readily 
dissolves.  The  mixture  was  kept  hot  until  the  iodine  was  all 
gone:  then  it  was  cooled  as  quickly  as  was  safe.  A  large  amount 
of  dichloroiodide  separates,  usually  in  large  yellow  needles, 
which  are  probably  the  orthorhombic  variety  (13).  Care  should 
be  taken  not  to  add  too  much  nitric  acid,  as  this  mistake  led 
to  the  formation  of  the  tetrachloroiodide  (14)  on  one  occasion. 
For  clearness,  the  reactions  involved  in  this  method  are  added 
here. 

H2TO3  4  3HC1  s'NOOl  4  2f?20  4-  201 
CsCl  4-  CI  4-1  =  CsCl2I 
In  all  the  recrystallizations,  the  crystal  crops  were 
washed  with  1i2  hydrochloric  acid,  and  all  recrystalli2ations 
were  made  with  the  same  material.  The  procedure  was  as  follows. 
The  original  mother  liquor  was  evaporated  to  about  900  c.c, 
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and  a  second  crop  thus  obtained.  The  crystals  were  twice  recrys- 
tallized  from  aoout  1300  and  1050  c.c.  of  dilute  hydrochloric 
acid,  the  mother  liquors  being  used  to  recrystallize  the  second 
crop  and  then  combined  ana  evaporated  to  70C  c.c.  to  get  a  third 
crop,  the  mother  liquor  of  this  crop  going  to  the  residues. 
The  second  crop  was  once  more  recrystallized  from  fresh  acid, 
and  the  mother  liquor  from  this,  after  being  used  to  recrystalliz 
the  third  crop,  went  to  the  residues.  Finally,  the  third  crop 
also  was  recrystallized  from  fresh  acid,  this  mother  liquor 
going  to  the  residues.  In  all  these  recrystallizations  a  volume 
of  acid  was  used  equal  to  about  2  3/4  times  the  weight  of  the 
crystals.  Very  small  volumes  of  acid  give  the  undesirable  ortho- 
rhombic  variety  (13). 

The  residues,  when  they  had  accumulated  sufficiently, 
were  treated  with  a  little  iodine  and  nitric  acid  and  recrys- 
tallized in  much  the  same  manner  as  above.  The  exact  amount  of 
the  residues  is  not  constant,  as  the  material  seems  always  to 
decompose  somewhat,  and  the  loss  depends  on  the  strength  of  acid, 
length  of  heating,  and  other  factors.  A  liberal  estimate  seems 
to  be  an  apparent  solubility  of  about  seventy  grams  of  the  di- 
chlorciodide  per  liter,  at  room  temperature. 

There  still  remains  some  caesium  in  the  mother  liquor 
from  the  second  crop,  which  liquor  contains  the  bulk  of  the  alu- 
minium and  iron.  This  caesium  can  oe  obtained  by  adding  a  mole 
of  lead  nitrate  to  the  hot  solution  for  every  mole  of  caesium 
exoected.  The  Cs-PbCl*  comes  down  along  with  an  equal  amount  of 
lead  iodide.  As  the  lead  iodide  comes  down  first,  it  is  not 
oossible  to  economize  lead  in  this  process.  The  precipitate 
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is  treated  exactly  as  described  for  the  corresponding  precipitate 
under  the  second  method. 

Richards  and  Archibald  (15)   state  that  the  dichloroiodide 
is  decomposed  at  ninety  degrees  Centigrade.  Efforts  to  effect 
this  decomposition  failed,  even  when  diminished  pressure  was 
used.  Finally  it  was  discovered  that  a  slow  decomposition  can 
be  secured  by  the  use  of  a  current  of  air  at  one  hundred  degrees. 
To  complete  the  process  in  this  manner  would  be  extremely  tedious: 
hence  a  more  intense  and  shorter  ignition  was  adopted.  The  re- 
action is  simple: 

CsCl2I  -  CsCl  4  IC1 
In  order  to  prevent  the  escape  of  the  irritating  iodine  mono- 
chloride,  and  also  to  recover  the  iodine,  the  dichloroiodide 
was  heated  to  fusion  in  a  porcelain  dish  covered  with  a  large 
funnel  connected  to  a  series  of  cooling  flasks  containing  water, 
a  gentle  current  of  air  being  drawn  through  the  system.  The  caesium 
chloride  is  left  as  a  fine  white  porous  mass:  the  iodine  mono- 
chloride  is  decomposed  in  large  part  by  the  water,  yielding  iodine. 
The  best  iodine  recovery  hitherto  obtained  has  been  about  25%: 
it  is  thought  that  this  can  be  much  improved. 

IX.  Results  of  the  Third  Method. 
This  third  method  does  not  lend  itself  well  to  a  deter- 
mination of  the  yield.  In  order  to  get  some  idea  of  the  yield, 
the  residue  from  one  lot  was  evaporated  to  dryness  and  weighed. 
The  result  was  as  follows-,  from  700  grams  of  pollucite  332  grams 
of  twice  recrystallized  Cs01oI  were  obtained,  together  with 
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100  grams  of  residues.   If  the  residues  //ere  pure  CsC^I,  this 
would  mean  a  yield  of  71.3%  of  theory,  besides  the  small  amount 
of  CsN03  obtained  from  treating  the  mother  liquor  with  lead. 
It  seems  reasonable  to  suppose  that  the  yield  by  this  method 
is  as  good  as,  or  a  little  better  than,  the  68.2%  obtained  by 
the  first  method. 

The  dichloroiodide  obtained  was  examined  in  the  same  man- 
ner as  the  nitrate,  with  similar  results,  caesium  and  sodium 
only  being  observed,  though  potassium  and  rubidium  were  looked 
for.  The  sodium  was  quite  small  in  amount,  for  the  flame  color 
with  the  naked  eye  was  a  pure  violet,  with  no  trace  of  yellow 
even  after  the  caesium  had  burned  away. 

X.  Methods  of  Preparing  Caesium. 
The  first  to  prepare  metallic  caesium  was  Setterberg, 
who,  in  1882,  prepared  it  by  electrolysing  a  fused  mixture  of 
caesium  and  barium  cyanides  (16).  The  next  method  seems  to  have 
been  that  of  Beketoff ,  who  reduced  the  hydroxide  with  aluminium. 
(17)  Winkler  had  previously  tried  to  reduce  the  carbonate  with 
magnesium  without  success  (18):  this  was  first  successfully 
accomplished  by  Graefe  and  Sckart  (19).  Erdman  and  Menke  used 
the  hydrate  in  place  of  the  carbonate  (2C).  It  was  Hackspill, 
however,  who  first  discovered  a  moderately  easy  method  of  pre- 
paring the  element  -  by  reducing  the  chloride  with  calcium  in 
a  vacuum  (21).  This  was  the  method  used  in  this  work. 
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XI.  Reduction  of  the  Caesium  Chloride. 

The  apparatus  used  consisted  of  a  tilted  combustion 
furnace,  the  lower  end  of  which  only  was  used.  The  reaction 
mixture  (8  grams  calcium,  18  grams  caesium  chloride)  was  placed 
in  a  simple  boat  of  copper  gauze.  This  was  put  in  an  ordinary 
bomb  tube  about  a  foot  long,  attached  with  sealing  wax  to  a  siae- 
neck  test-tube,  the  bomb  tube  projecting  from  the  furnace  so 
that  the  sealing-  wax  connection  was  aboat  three  inches  outside. 
To  the  side -neck  was  connected,  through  a  glass  stopcock,  a 
Nelson  vacuum  oil-pump,  which  was  kept  running  throughout  the 
distillation.  The  vacuum  maintained  varied  with  circumstances 
from  3  to  1 0  mm. 

The  caesium  chloride  used  was  made  by  the  ignition  of 
the  dichloroiodide  obtained  by  the  third  method.  The  calcium 
was  in  the  form  of  turnings,  rather  badly  discolored  by  the  at- 
mosphere. More  than  three  times  the  theoretical  amount  of  calcium 
was  used. 

After  the  reaction  mixture  had  become  hot,  water  always 
distilled  into  the  side-neck  tube  in  considerable  quantity, 
and  had  to  be  evaporated  before  the  heating  proceeded.  This 
water  came  prcbaoly  ooth  from  the  calcium  and  the  caesium  chloride. 
A  little  further  on  in  the  heating,  the  tube  was  sometimes  ob- 
served to  exert  a  suction  on  the  pump,  so  that  air  was  drawn  in 
a  reverse  direction  through  it.  This  was  probably  due  to  the 
calcium's  uniting  with  the  residual  air  in  the  tube.  When  the 
tube  had  become  red-hot,  a  yellowish  deposit  (caesium  oxides, 
probably)  appeared  on  the  cool  end  of  the  bomb  tube,  followed 
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by  a  metallic  mirror,  which  gradually  formed  drops  that  flowed 
or  could  be  shaken  down  into  the  side-neck  test-tube.  The  material 
was  usually  liquid  at  the  temperature  of  the  room:  sometimes, 
however,  it  was  pasty.   It  was  yellow  above,  silvery  where  it 
rested  on  the  glass.  The  upper  end  of  the  tube  frequently  col- 
lapsed during  heating,  but  this  never  interfered  with  the  op- 
eration. 

The  stopcock  was  closed  at  the  end  of  the  distillation, 
after  the  furnace  had  been  shut  off,  and  the  tube  allowed  to  cool 
partly.  The  connection  to  the  pump  was  then  broken,  and  a  layer 
of  kerosene  (distilled  over  sodium)   admitted.  The  chamber  was 
then  filled  with  pure  dry  nitrogen  and  the  connection  of  the 
two  tubes  broken.  The  product  was  not  weighed,  but  from  its 
volume  the  yield  is  supposed  to  have  been  about  40%  in  successful 
distillations, 

XII.  Preparation  of  the  Specimen. 

The  apparatus  used  for  securing  the  specimen  consisted 
of  a  piece  of  soft  glass  tubing,  about  a  foot  long,  provided 
with  a  tip  like  that  of  a  pipette,  and  drawn  out  in  two  con- 
strictions, one  near  each  end.  This  was  attached  by  rubber  tubing 
to  a  second  tube  with  a  glass  stopcock.  A  stream  of  nitrogen 
which  had  been  passed  through  alkaline  pyrogallol,  calcium  chlor- 
ide, and  phosphorus  pentoxide  was  passed  through  the  system. 

Meanwhile  two  distillations  had  been  combined  in  one 
test-tube,  a  little  boiled  amyl  alcohol  added  to  the  kerosene 
cover,  and  the  tube  heated  in  an  oil-bath.  The  amyl  alcohol 


15 

dissolves  the  film  of  oxides  and  allows  the  metal  to  run  together 
in  a  perfectly  clean  metallic  globule.   (This  method  is  due  to 
Dr.  Gerard  van  Rossen  Hoogendijk,  formerly  of  this  laboratory.) 
When  the  air  has  been  expelled  from  the  pipette-tube,  the  pipette 
tip  is  thrust  down  vertically  into  the  caesium  until  the  nitrogen 
bubbles  through  it.  The  stopcock  is  then  closed,  and  the  stop- 
cock tube  is  connected  to  a  suction  apparatus  consisting  of  two 
bottles  half-full  of  water,  connected  by  a  siphon  tuce.  By  raising 
one  bottle,  a  very  gentle  suction  under  absolute  control  is 
obtained,  and  the  caesium  is  drawn  into  the  pipette-^tube  gradu- 
ally. When  as  much  as  possible  has  been  drawn  in,  the  stopcock 
is  again  closed  and  the  pipette  tip  quickly  thrust  into  the  ruDber 
tube  whence  the  nitrogen  is  issuing.  This  forces  the  caesium  past 
the  lower  constriction,  which  is  then  sealed  off.  The  upper 
constriction  is  likewise  sealed  off  -  and  the  caesium  is  now 
permanently  preserved  with  a  bright  surface  in  a  neutral  atmo- 
sphere. Some  material  preserved  in  this  way  showed  a  slight 
yellow  color  and  melted  at  about  23  degrees. 

XIII.  Summary. 
1.  Three  methods  of  preparing  caesium  compounds  from 
pollucite  are  described.  The  first  is  the  precipitation  of  caesium 
with  antimony  trichloride,  from  the  hydrochloric  acid  extract 
of  the  pollucite,  after  the  removal  of  the  iron,  aluminium, 
and  alkaline  earths.  The  antimony  is  removed 'with  ammonia  and 
hydrogen  sulphide,  the  caesium  and  ammonium  chlorides  changed 
to  nitrates,  and  pure  caesium  nitrate  obtained  by  ignition. 
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The  second  method  is  similar  to  the  first,  except  that  the  alu- 
minium, iron,  and  alkaline  earths  are  not  removed.  The  third 
consists  in  treating  the  hydrochloric  acid  extract  with  iodine 
and  nitric  acid,  giving  CsCl^I,   which  is  systematically  recrys- 
tallized  and  then  ignited  to  the  chloride.   In  all  three  methods 
the  last  traces  of  caesium  are  removed  from  the  mother  liquors 

with  lead  nitrate  and  chlorine,  forming  Cs-FbCl,. 

2  6 

The  three  methods  yield  quite  pure  products  of  about 
the  same  grade:  but  the  second  and  third  are  much  easier,  the 
third  being  perhaps  the  best. 

2.  The  preparation  of  caesium  by  the  reduction  of  the 
chloride  in  a  vacuum  with  calcium  is  described. 

3.  A  method  for  the  preparation  of  caesium  specimens 

is  described.  It  consists  in  drawing  the  molten  metal  by  suction 
into  a  glass  tu^e  filled  with  nitrogen,  and  sealing  it  off  in 
the  tube. 
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